The aim of this work is to evaluate the characteristics of an activated carbon obtained from unburnt carbon in coal fly ashes to be used in the removal of NO. Carbon-rich fraction was obtained by mechanical sieving of fly ashes. The mineral matter was removed by conventional HCl and HF desmineralization procedure. Activation was carried out with steam at 900ºC in order to develop porosity onto the sample.
INTRODUCTION
Coal combustion products (CCPs) are a waste residue from the burning of coal in thermoelectric power stations. In the European Union (EU 15) approximately 65 million tonnes of coal combustion products (CCPs) were produced in 2003 [1] .
Fly ash (FA), which is obtained by electrostatic or mechanical precipitation of dust like particles from the flue gas, represents the greatest proportion of total CCP production (approximately 44 million tonnes). Within the EU, the utilization for FA in the construction industry is currently around 47%, about 42% are used as a replacement for naturally occurring resources and the rest is disposed.
FAs consist mainly of oxides of silica, aluminium, iron and calcium. Some unburnt or partially burnt carbon residue is collected with the FA in the precipitators [2] . Over more recent years increasingly stringent environmental requirements have required slightly lower furnace temperatures and the progressive injection of air to reduce the degree of nitrogen oxidation, the so-called low NO x burner. The drawback of this technology is the higher LOI (loss on ignition, a measure of the unburnt carbon) in the resulting FA. Carbon has some unfortunate effects on the use of FA for concrete industry decreasing the marketability of some FAs.
An interesting possibility might be to make them a low-cost adsorbent for gas and water treatment [3] . The results obtained are encouraging for the removal of heavy metals and organics from industrial wastewater. However, some research can be found in the literature concerning gas cleaning. Dry flue gas desulphurization has been tested under different types of fly ash treated with calcium hydroxide [4] [5] [6] and the results have been shown to be promising. FAs have been also proposed to be used as adsorbents for NO x removal from flue gases [7] . The authors found that the unburnt carbon remaining in the FAs particles contributed the main surface area and adsorption.
So, this carbon presents in FAs can be a precursor of activated carbons since it has gone through a devolatilization during the combustion in the furnace of the power station and, therefore, it only requires a process of activation [8] . Recently the adsorption of NO x , mercury, CO 2 and SO 2 onto activated carbons from FAs have been reported [9] [10] [11] [12] . In the case of NO x adsorption [9] the results have shown poor performance for NOx capture of carbons from FAs.
This investigation was undertaken to determine and evaluate the NO abatement capacity of activated carbons obtained from fly ash carbon-rich fractions and its further demineralization and activation.
EXPERIMENTAL

Materials.
Coal fly ashes (FAs) from a power plant at Escucha, Teruel (ENDESA Company) were chosen as starting material (named CVESC-AR) to obtain an enriched carbon fraction.
This fly ash is produced in full scale boiler under what can be considered typical utility operating conditions. Approximately 50 kg of FAs were fractionated by standard drysieving techniques. Sieves specified as openings of 125, 200, 320 and 500 µm were used to mechanically separate FAs. Each collected fraction was weighed. Table 1 shows weight distribution and carbon content of each fraction. Richer carbon fraction is 320-500 µm but weight percentage is very low. So the three fractions with carbon content higher than 25% were mixed to obtain a fraction with particle size higher than 200 µm, called CVESC-EN. The fraction with particle size lower than 200 µm was called CVESC-RJ.
Carbon-enriched fraction, CVESC-EN, was demineralized with HCl and HF following the procedure described in [13] . Sample was initially treated with HCl 5N at 55ºC during 45 min; after this period of time, the sample was filtered and water washed to eliminate all chloride. After drying, the sample was treated with HF 5N at 55ºC during 45 min; after this step, the cake was treated with concentrate HCl (38%wt) t 55ºC during 45 min. Finally, the sample was filtered, water washed and dried. This The morphology of samples was examined by scanning electronic microscopy (SEM) in a JEOL SM6400 apparatus. Samples were coated with a layer of gold. The images were obtained by backscattered electrons detection (except in two cases, further indicated).
Textural characterization was performed by mercury porosimetry and N 2 adsorption.
Mercury porosimetry was carried out in an apparatus Poremaster from Quantachrome.
Nitrogen adsorption/desorption isotherms at -196ºC were obtained in an apparatus AS-1 from Quantachrome. Prior to the analysis, samples were outgassed at 250ºC up to a vacuum of 10 -5 mm Hg. BET equation was used to determine surface area of samples.
NO experiments.
An experimental installation described elsewhere [14] was used to test NO removal capacity of samples in conditions of selective catalytic reduction (SCR) reaction using ammonia as a reducing agent. The installation consists of a fixed bed reactor, devices for the preparation of gas mixtures, temperature control and on-line analysis of the concentration of the gas stream. A flow of 1000 ml/min of gas containing 1000 ppmv of NO, 6% (v/v) O 2 , 1200 ppmv NH 3 and N 2 as balance is passed through a bed of 15 g of sample at 150ºC of temperature. The reactor was provided with a bypass which allows the measurement of the NO concentration before each experiment. The NO analyzer is a non-dispersive infrared photometer (NDIR). The reaction results are described is terms of NO conversion as: %NO conversion= [(NOin-NOout)x100]/NOin.
RESULTS AND DISCUSSION
Results corresponding to proximate and ultimate analysis are shown in Table 2 .
Hydrogen content is very low, indicating a high degree of condensation. Enrichment in carbon by physical separation has occurred. However, ash content of carbon-enriched sample is too high to consider steam activation because it will lead to an increase of ash content because the degree of burn-off achieved. So, chemical demineralization procedure was applied to sample CVESC-EN. After this treatment, ash content decreases considerably as well as carbon content increases. Activation step lead to the gasification of the sample, increasing ash content with respect demineralized sample and decreasing carbon content, as expected.
Main mineral phases in raw FA, sample CVESC-AR, were: quartz, mullite, hematite and anhydrite as can be seen in XRD profiles depicted in Figure 1 . These mineral phases can also be found in sieved fractions, CVESC-EN and CVESC-RJ, but in different proportion from CVESC-AR. Hematite and anhydrite phases disappeared after demineralization. Semi-quantitative analysis is performed on base of the patterns' (from JCP2 data base) relative heights and of their I/Icor (cell parameter) values. These results are presented in Table 3 . The sieving of FA into two fractions has lead to some segregation of the mineral species.
The composition of ash of each sample, expressed as main oxides of metals, is shown in Table 4 /g in any ash [16] . However, values of surface area in Table 5 were not corrected for the inorganic contribution because the samples are further used as they obtained and characterized and this type of correction would not reflect the real properties of the whole material. Isotherm of steam activated sample is type I, with some hysteresis during desorption indicating the presence of some mesoporosity. Surface area of this sample is higher than demineralized one despite of both samples have similar ash and carbon content, indicating that the physical activation has created porosity responsible of the increase of the surface area reported in Table 5 .
Bulk density and intraparticle porosity obtained from mercury porosimetry are given in Table 5 . The value of density is lower for carbon-enriched sample in relation with CVESC-AR and CVESC-RJ samples, as expected, but this value is high compared to those reported for activated carbons. The high ash content is the responsible of this value (density of mineral matter has an accepted value of 2.1 g/cm 3 ).
In order to investigate the potential use of this activated carbon obtained from FAs in gas cleaning applications, the removal capacity of NO was tested in conditions of SCR reaction. During the SCR process, NO, in the presence of an excess of O2 is selectively reduced by NH 3 to N 2 and H 2 O over a catalyst at temperatures of 300-400ºC. Two great disadvantages of this SCR control unit are the high cost of the catalysts used (mainly based on titania-supported V 2 O 5 ) and the need to reheat the gases to the optimum temperature for catalysts operation. Activated carbons can operate at lower temperatures (100-200ºC) with high De-NOx activity [14, [17] [18] [19] [20] and can be cheaper than catalysts if an appropriate precursor is selected.
The NO conversion curves versus time for samples CVESC-AR, CVESC-RJ, CVESC-EN, CVESC-EN-DM and CVESC-EN-DM-ACT are depicted in Figure 4 .
The conversion curves of NO on the samples reached steady state quickly and are maintained 10 h after. Low de-NOx activities are achieved by only sieved samples, but they cannot be explained only in terms of carbon adsorption/reduction. Pasel et al. [21] attributed some NO catalytic activity to mineral matter present in carbon catalytic supports. Sample CVESC-RJ show an ash content of 98% but it exhibit a NO conversion value near 30%. In this case, the NO removal capacity cannot be only attributed to mineral matter itself because some part of the mineral matter is located inside the pores of organic matter. Enriched-carbon sample exhibit the highest NO abatement capacity among sieved samples in direct relationship with carbon content of this sample. The increase of conversion reached by the demineralized sample can be attributed to both increase of carbon content and surface area. However, the performance of activated sample cannot be correlated neither with the decrease of ash content nor with the increase of carbon content as the rest of the samples studied, as can be seen in Figure 5 a) and b) . The increase of the surface area is the direct responsible of the increase of NO conversion, as can be seen in Figure 5 c). However, carbon content and the development of porosity are connected, because activation only affects to carbon in samples, because mineral matter has no contribution to surface area, at it has been described previously in this paper. So, the increase in carbon content of the precursor would allow obtaining a high performance active carbon after proper activation.
Thus, in order to obtain a more suitable activated carbon for environmental applications in gas phase from FAs mineral matter must be removed efficiently from unburnt carbon before activation. Results presented in this work show that this carbon has characteristics that makes it an attractive precursor for the preparation of activated carbons. So, further work will be carried out in the way to improve mineral matter removal as well as to study the best activation conditions to optimize surface area. Table 5 . Data from N 2 adsorption and mercury porosimetry. 
